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(57) Abstract: Fluorescent probes 

represented by the general formula (I) wherein 
R l and R 2 are each hydrogen or a substituent 
for capturing a proton, a metal ion, or an active 
oxygen species; R 3 is a monovalent substituent 
except hydrogen, carboxyl, and sulfo; R 4 and 
R 5 are each hydrogen, halogeno, or alkyl; 
(I) R 6 to R 9 are each alkyl; R 10 and R 11 are each 

hydrogen, halogeno, or alkyl; M* is a counter 
ion; and before the capture of a proton, a 
metal ion, or an active oxygen species, the 
combination of R l , R 2 , and R 3 gives the 
benzene ring to which they are bonded such a 
substantially high electron density as to make 
the compound substantially nonfluorescent, 
while after the capture of a proton, a metal ion, or an active oxygen species, the combination brings about such a substantial lowering 
in the electron density of the benzene ring to which they are bonded as to make the compound substantially highly fluorescent. 




WO 2005/085811 Al lllllllllllllllllllllllllllllllllllllllllllll 



(57) 

^vm^UM\m^y^UR\ r\ &xj&<Dm.fr&fr j £mi)±M'7vhy, &m<<* 
y, xim^mmmommm^m^mm^mmik^m^^x^ %fit>im& 

•r^yifymom^m^mwmmr^^o 



R 1 R 2 




(I) 
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. w m m 

[0002] u-^y\ty/^u±^ytmm^<^h^hM1k^mxh^ 0 mttth 

tvxhm^M^m^fix^^ 0 m^y^^^y\^Mh^m^tix\^mmx 

fc«9> 0»|XL^/W^iN^^P-^-Cfe§fluo-3(R.Y.Tsien,et 
al.J.Biol.Chem.,264,8171,1989), ^hy^^^n-^-efc^sodium green 0fcH 

^5,405,975^«) , NOi&ft^-^XfcSDAFm (#^^10-226688^^1 
h fiH41fe*^:^7 p n-^-e*)5HPF3tTJ'APF(Sie^WW0 01/064664#&#)fc 

[0003] n%rt*-i?y?mk}*. IM&#£f XV >3^WW£fcWtBi1-5¥fcX*>3 
W#feB^©»^*^^fcoX^<Xtt*e)JfeV>#&^?)oo*)5 0 r 

^±©MS^^*l^l*lc^fci"*^fi«^#^t>*»X#V \ 

i?©^*VNj|«^ftjBfe*X*)5^, ttr#ttjafi/^3te»** s 492/515 nnu 
&550/570 Tmb+&\Z.&&t$t&ftt&L.X^&&. W#fct>3*3t*tf ifcWlfcaK 

m^^mxh^n^th^MAmm^io^m^x^^M^mx 
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[0004] zht^chti-^y^mn^^^-^thmmomm^mmtix^ 

[0005] 5tef^ 7/i^i^>r>«©^M6l^ft*^^rt3te«ljB*W» 

PCT/JP03/08585-^PJ^#)o £<b^ ~7/V*\s±4ym.K&\^X^ %^(D%\^ 

^%m^h<>X'SLMXh^m^b^X^t^;v^y;vmn.s mon^xhttm 

^i~^wi^^?{jLfc(PCT/JP03/08585-^^^#)o £fc££>U:, ^t>(Dff^^ 

mmmmLtz±<ffiu ^v-ym^mmmu c(D^\zm^<^-^<Dm 

^1>/&^Lfc(PCT/JPO3/O8585^0J|ffl#, #M2003-314041-5§-l^#)o U»L& 
[0007] ^BJ#ibfi7;^l/ir^{CoV>TF^^L^±ISO^^ffife^n-^^# 
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/V*U±4yM<DWi&bmmz%ffi&m?&W)(Photomduced Electron Transfer; 

pet) %m*umbLx e ^(c^o*^ w^j^i-5>ri^ irig^fcs - ^^.v ^ 

[0008] i- frb*>, f^n-^fcot, TIBO^(I) : 

mi 



R 1 R 2 




(I) 



x^/^^s^^^-^^E^s^^bjR^tm'f^ti-e^^^ 

jjCJWSiK ^n^VjJi^K X«MmS^LTV^<tV^T/^/VS^b;R 6 , R 7 
, r\ ^TO 9 (^^€^S:^g^^^trv^J:v^/v^S^L;R 10 ^ 

mm^m^m^Lx^x%x\^^/vmxh^>)\tm^^L-x5M.nxm 



WO 2005/085811 



4 



PCT/JP2005/003569 



(DiiE^hy, &fM*y\ x\mmtmm<Dffifemm, rnDx-mztizittt 

[0009] z.<D%w<D%-*L^mmz£ti\t, r\ r\ Rxj&tw&i'Z^y-eym^^x 
, ±M-7wy. &m<<*y. xn-^mmu^m^m^m^y^yn^mim^ 

4*y, -tu^sVMxy, -vV&sVMirv, x\%&m*yxh%±m<Dn%y 
[ooio] ^h\mt.L^mm^xfv\f,mm^yxn-mtmmmm(Dtz^<Dm^ 

X 2 

X 1 -WcH 2 -CH2-Nlsr4cH 2 -CH 2 -N}Tr- (A) 

(^^, x\ x 2 , x\ Rxjtfhztiznm&Kfcmmi's ta^s, 2-t°y^/^ 
xteT^/mo&mmz^u mRxfnteznzhm&iz.oxmz^x 

^Uft'^SV ^ftLXTBOX, (B) : 
Wb3] 
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1-4 

[OOll] *6>JC9J©«/S*^tt, ±IS(D-^(I) (5£*, R^tm'f^tv^tafi^^TKm 

x\$-7vby, &mj*y, ^<\mmmm&m m-ztdtxom 

ZB&LXh£< ;R 3 tefc%m*. *i;\<tf**s;vm, Xte*/V*y^g£Wtf)-Hffitf> 
TV^-rtiV^T/^^/^S^L;R^ R\ r\ &TfR*\$ : tth*:tim&Km&&*^ 
i\ X^^E^S^^^LTV^Tt>iV^T/^=¥/^S^L;R 4 S.tm^ R 9 RXfR'\ R 5 R 

hz>) \zk\ ^&LX5M.mxmAnz&f&i>x-b Mim^y^-r) x 
mtimfty*~7<Dmt\-jjmxh<>x. r\ r\ Rrrn'om^^tLx, 

®i>mmmzmikftmz.Kz>£?\^ ^ti^^ir^y^ym^mmm^^ 

(2) iiH^ohy, &m4*y, x\*mvmmm<DM&maz, ^.(Dxmmm^ 

^y^ymom^^n^mmy^^ 
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[0012] ^mm^mm^-y^y^m^irm^^-^mm^n^-^y'n 
[ooi3] mmimt^m-8(D^ytm^mtPETVi'-u^<Dm^m^t<Dmm^ 

[0014] ^0^tcj;«9li^^S;(i)r^$^^7t^n-y«, y°nhy s &m4*y, x 

&x%z> 0 -both, mfett^*zftbimfe£Mzktefo\ 
[0015] *mw<DMft7°v-7tt<m&, v-y^yzmmkLxmmtsftx^z&mmfe 

&S«&Uc^£#l§teL-o ^ (5£ (I) fc&i ^om&gteR 3 -?^^) 0 P 
-^^^ti-5^^^iLT» > ^yx^^$^{ci^±(Z)m^#^Lfc 

v Texas Red(*VyTy^ft<D9-{<Lfc2-j}/l<7$^>7^/V 

m<D%/ptf*i/jvm&x/\'*yMmxh5h<Dtf&&) t^^hnxm, mm* 

^~fZ)ik%y°v--7}±,X, ^/Vv-^A^^^n-^fc^Calcium Crimson, AM^ 
ft%\bflX\^(.VX±., *V**.y—y°u—7*^±<Dj3#utf (Handbook of 
Fluorescent Probes and Research Chemicals, Ninth edition) <£>57— • 65H X 788—790 
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[0016] 7m%#irZ>*%W<D4k&m*s J. Prakt. Chem., 54, 223(1 896)S.t^Dyes 

and Pigments, 42, 71(1999) ^fe^ftfc^&t^oT, zM^T/VxtrK 8-fc 

[0017] ^i7-yx>-^OM4{C^1-§-<y^>^±(^», V^•f tifr-jjX\ZW}#<Dm 

^^^^|lj^^^(D^^-P^«2o^Ems^#SLTv^5(^(I){c*5 

7*hy, &m4*y, ^<\mmmmmm-ttfr<Dwmm*w*m^xi> * 

^ri^X't^^ % rne>^Pg^$^^«^v>(^vx^moMi^^i-§2- 
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[0018] MM 




U CM 
C D 

w C 

<D — ' 

O -O 

a e 

+ cl 

CD + 

2 * 




^ CM ^ 
V 0 CO 

J- sE. ■ 

CD 

CD Si © 

■S 2 -° 
Sag 
a + o. 
+ ca + 
□ 2 * 




[0019] ^>^y«±|C:|8tt5^ R\ r\ & 
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, mm^mwo 99/51586^-^, #112000-239272-^^ a^r^wo 

xi*f (Handbook of Fluorescent Probes and Research Chemicals, Ninth edition) <F)% 

[0020] *5e^#(c*5v ^x mmt\ ^mm\z, R l Rxf/xitR^mnmut^mt^ 
[0021] m&f, ^^yx^-mitmmmm^tc^om^^-^x^ r 1 rxm 2 

X 2 

X^N-lcHa-CHj-Nj^CHj-CHj-NlTr- (A) 
X' X* 

mi5hz>mxhz>z.tt>m&L\, \ 
[0022] -m^m$j£ffl<»^n-7T^ 

th^m^u mRxfntfoxhv, R l Rxj^R 2 \t^y^ym±xmmvtz&.m^w. 

A)xmM&xw, m%ft7km^xhz>z.bt)W*L\\ ~<Dm&, x\ x\ x 3 

% RXJK^2-\?yy;V^;vmxh%^bi)mi^<, X l RXfX 2 ^2-H e ])^^/V 
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[0023] ~mmmmmfem<D7ti-7x^ R'RxM^m^u^xrmo^i 




aw 



[0024] xwrnm^^x, ^r;v^;vmmrr;v^;vu^^n.^mk.\rr^ 

^Wm^T;v^;vmbhxmT;v^;vm^mm-m<OT;v^;vm)^m 
7°pfc7^ V^n^ntVl^ n-y^/vm, sec-y^/vm, Wf^JV^ tert-^ 

[0025] R z b^xit^mT^^mx\t^mr;^^>mm^Li\ mz.mt.uwz* 
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JDSC«fc5£fc##*U\, R\ R\ R\ RXfR 9 ^i-T/^/vmtLX\t^;vm^ 

ifo{st7/»s«u\ R l0 Rxm u \t7kmm*x&?>z.tj!>mtL\<\ r*a 
xm\ r'rxm 10 . r 5 rx$r\ &mzR 7 Rxm n frbtemfrbm\mz>2^(Dm<D 

Tv ^t>£v ^T/v^mxhz) &m ^&LX5^mxmM.m*j%i$.~r%m& 
ku, Mf&ztimtLxiz, B'fcmffi+xm'fcmm^Kffi&Ltcmmm*^ 

}>y:7/l^nT-fe?vl^ hyr/V^/Vi/y/V^^SriiS^JfflTf 5 0 7^ 

(Protective Groups in Organic Synthesis) N Jf})*->(T. W. Greene) 1\ 
•^a^-y^y — T^K-I^X^^-^WxyKOohn Wiley & Sons, Inc.) (1981 

[0026] ±IE^(I)T^$tV^^{C^V>TMli^^^L,^(7)m#^ I 1 :} fB-r 

^i^, B^*y. ffl&4*y, *?yx/vftymT~*>s p-b/^yx/>*> 

*yt£b*ZmfZ>Z.b&X$Z> 0 yVi/>teb*<DT$mo%/v#*i/T~*y%%^X 
[0027] KfeV R\ R 2 , &TO 3 <D*l^-£fr-£te, m&tt^M<D 

[0028] r\ r\ ^rm 3 ^^i-5-<yif^^om^^^it#«> flfctftt^fift'* 
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B3LYP/6-31G(d))^J:i9^5^t^-et5o R l RlFR 2 bLXte, mfett£t®<Dffife 
[0029] 0iJx.(f, -^(l)T*^$fv^^^*3V^, ^^VgiO^mWl. 00 

[oo3o] v ^^^^6#^^a^^^*l^fB•f-^^{t-ri^^v ±ibco^«pet ( 

Photoinduced Electron Transfer: %mMM&®Wl)K£OWRX%Z> 0 ?Elb\-$1k% 
LTSj^^S{-M^3i^t>^<^^m^^4(PETK^-)^^m^ 

ximir?>*y-y<ry : mutiLks ikmm^tirm^xh^y^ymmiL (petk 
[0031] ^^7°p-ytLT«, mfett^om&Miazm'gmzigmvtc m^mm 
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>*i^mL<Dmfcnfa&mmfrixR\ r\ &xfi/x\*R 3 bL,xmm?m&&% 

mommitbm^mmbfDmm^U^^^h^mx^m^hh^Km 

[oo32] tfc m^f-mitumwmmik^y'^-^mnir^m^a^ r 1 rtm 2 & 
xwz&T/u*/vm^T/i<**i/mftk'(Dn?fc*&m*% v ^ -<^>^o 

[oo33] xwrnmc^xm^tizmmib^mmte, £t£> x»^»f*w@ 
5£(D xmti%fc&mbmfen^bm^z>JM, ±mxm (a) x± 

[0034] PJ£^ti«tEUc^^^ 
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coo35] ^m^jffn-y^ &mz.$x,x, mfenmommimftm^tizmM 

[oo36] %\\(o®.m*bjf.ftm \zxvmm^nm^mitrm<D-'^ od : 
am 



gmS^^^L-CV^-C 1 bJ:v^X/^^;^^^U;R 2 ^ R 2 \ R 2 \ RXfiR*ft : tWetm& 
f ^&S<Hf LTl ^XhX^T/^/um^L ; R™RXJfe™ftZtiZ:ftmtt*m 
ji!^Xte^n^Vjgi\ E^^tTV^-C l ^ ) <^;v^T/^^^^^L;R 23 ^tm 2 ^ R 
2S RXfR 2 \ R 2i RX$R 2 \ R^OT^^^^^^^^ff^l^iom^^^iC^ 

^•r)-e^$^o R'^um**]^ mmn*m~4m(DT;v*;vm, x\* 

7/i/3*i/£jW*U, ^/wa£XW^h^a»sj:Off*LV\ R 23 ^.^ 24 ^*^ 
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R^tm^tt**^ "C*i5i^ \ ZSDft&tyi fiFRET (Fluorescence 
Resonance Energy Transfer :^^*Bi^/^ : ¥--^ll))^fflV^^a!J^^^(DSy^ 
Kite (K**— ) <fc5V (T^fe^-) * fcfflv >5^*s-e#5. 

[0037] iE^^aor^^^S'fb^^pjIie^o^iifii^^^^Uc^^iO 

&%.&.Efozm\ ^x-xuxmm-r^t^x^, zoo*, i $ittz*-oit% 
^(ommb^s Tw^-%m<ojm&i£\\ tot, z.<D\t&mwswf;vu 

mmm 
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[0039] Mb8] 
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[0040] am 



r- 




[0041] Z,6-¥Xi?*?-/VT^/*-9-yM$, J. Prakt. Chem., 54, 223(1 896)&tfDyes and 
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Pigments, 42, 71(1999)£#MLT^/&£ftofc 0 £<&ti&'&fc&m\Z.T/l'3>T? 
xh7tKd75y(THF) 1 mUZ.^MLtc2--fn^b^y 92 A mg(0.54 mmol)£A;ft 

1.54 moK 1 ml^OS^O*., 3,6-lf^^f'/WT5^^>'h>' 50 mg(0.18 

mmol)&THF 2 mUC^l/OHl*.. 30 #f^#Ub e 2N HCl7kM£ 10 mlSrJP^.T 

3o#f^#u u^mmm\,tzMs mt^yxmmLtz 0 «wm,tf 

e>*L^MESr>'y*y^*9A^n'r|^97-f- (i^f^/-^ 19/1) "C** 
«LTfc#ttl©*feH#&#fc(30 mg, W:42.1%) 0 

l H-NMR (300MHz, CDC1 ) 6 ppm 2.04 (3H, sX 3.39 (12H, sX 6.98 (2H, sX 7.01 

3 

(2H, d, J=2.4HzX 7.16-7.26 (3H, tnX 7.41-7.45 (2H, mX 7.49-7.52 (lH.m) 
MS (FAB) 357 (M-Cl") 

[0042] ±|B(a)©^fet|^«^LT2-^^^^/^3l^^c#^T2-^^^-^>'^>S^fflV^ 
'H-NMR (300MHz, CDC1 ) 5 ppm 2.04 (3H, sX 2.40 (3H, sX 3.39 (12H, s\ 

3 . '. 

6.95-6.97 (3H, mX 6.99 (2H, dd, J=9.3, 2.4HzX 7.20 (2H, d, J=9.3Hz\ 7.31(2H, m) 
MS (FAB) 371 (M-CO 

<k4M3&x&mfttvxmit mm 92.6%) 0 

'H-NMR (300MHz, CDC1 ) 6 ppm 3.37 (12H, s\ 3.73 (3H, sX 6.88 (2H, d, 

3 

J=2.6HzX 7.00 (2H, dd, J=9.5, 2.6Hz), 7.14-7.22 (3H, mX 7.29 (2H, d, J=9.5Hz) 
MS (FAB) 373 (M-CO 
±|B(a)0^^^|^#{JlLT2-yn^h^>'{c#^T4-^n^-3-^^/VT^y- 

n>*m v k&m*m&®fcbLx'mc (w 83.6%) 0 

'H-NMR (300MHz, CDC1 X 6 ppm 2.02 (3H, sX 2.39 (12H, sX 3.92 (3H, sX 

3 

6.95-6.97 (4H, mX 6.99 (2H, dd, J=9.5, 2.4HzX 7.09 (1H, d, J=9.3HzX 7.24 (2H, 

d, J=9.5Hz) 

MS (FAB) 387 (M-CO 

[0043] ±|E(a)0^^i|Ml#(CbT:2-^n ; E-h/^yiC#x.-C2-^n^-4-^^T^y- 
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v ^xi\&®s*n&mfokLx%it mm 92.7%) 0 

'H-NMR (300MHz, CDC1) 5 ppm 2.39 (3H, s), 3.38 (12H, s\ 3.68 (3H, sX 6.88 

3 

(2H, d, J=2.6HzX 6.97 (1H, d, J=2.6HzX 7.01 (2H, dd, J=9.5, 2.6HzX 7.03 (1H, d, 
J=8.6HzX 7.31 (2H, d, J=9.5HzX 7.39 (1H, dd, J=8.6, 2.6Hz) 
MS (FAB) 387 (M-CO 

±ma)(D^tmm^x2-^ti^h^y{m^xi-y f ^-2A-^h^y^y 
•vym v ^xfc&mzm&mfctLxntc mm : 98.o%) 0 

'H-NMR (300MHz, CDC1 ) 6 ppm 3.37 (12H, sX 3.71 (3H, sX 3.95 (3H, s\ 6.68 

3 

(1H, d, J=2.5HzX 6.72 (1H, dd, J=8.3, 2.5HzX 6.86 (2H, d, J=2.4HzX 7.00 (2H, dd, 
J=9.5, 2.4HzX 7.11 (1H, d, J=8.3HzX 7.36 (2H, d, J=9.5Hz) 
MS (FAB) 403 (M-Cf) 

[0044] ±|E(a)(^^&il^1i^LT2-^n^h;^y^#tTl-^n^-2,5-^h= 3 r>'^V 

-^v^ffi v ^xik&mm&mfctvxntc mm •. nm) „ 

'H-NMR (300MHz, CDC1 )' 6 ppm 3.67 (3H, sX 3.82 (12H, sX 3.83 (3H, sX 6.75 

3 

(1H, d, J=2.7HzX 6.90 (2H, d, J=2.4HzX 7.01 (2H, dd, J=9.5, 2.4Hz), 7.08-7.12 
(2H, mX 7.32 (2H, d, J=9.5Hz) 
MS (FAB) 403 (M-CO 
±gE(a)(D^&tl^1i^bT2-^n^h/^^{c#x.T4-yn^-3-^^;VT^y^ 

m^xfc&mz%&®wtLx®tcmm:58.8 %) c 

'H-NMR (300MHz, CDC1 ) d ppm 3.09 (3H, sX 3.37 (12H, sX 6.76 (2H, mX 6.88 

3 

(2H, d, J=2.4X 6.90 (1H, mX 6.97 (2H, dd, J=9.5, 2.4HzX 7.36 (2H, d, J=9.5Hz) 
MS (FAB) 372 (M-Cf) 

[0045] ria<D^i \zmtitcit&W(D%%!®&Rvmnm ( p h lAmmm*) £^1- 
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X max (nm) 


Em (nm) 


<D 


1 


2-Me 


548.8 


570.4 


0. 644 


2 


2, 5-DiMe 


547.8 


569.8 


0. 656 


3 


2-OMe 


553.0 


577.8 


0. 578 


4 


2-Me-4-0Me 


550.6 


569.4 


0.609 


5 


2-0Me-5-Me 


552.0 


576.4 


0. 552 


6 


2, 4-DiOMe 


550. 6 


573.4 


0. 55 


7 


2, 5-DiOMe 


554. 0 


581.2 


0. 086 


8 


2-Me-4-NH 2 


547.2 


569.0 


0. 02 



[0046] #12 

i. oov&Tx*mz\£Mi%ytx»h i 9, i. 4ovu±.x\zm i fum>m$o. 

ftlfbtvO ^y;V^V^ymUW<Dm^tmtnmXhW (PCT/JP03/08585-^ 
B^iB#)^3tON/OFF^#«0.1 VMm&(DjjfaK®W}LX^^b%Z.bhZ> 0 

[0047] M3 

8^^x^<D^n^wztix^^t^f}^mhtc 0 m* ^pHoy^mm^x- 
mm^oit^m(Dn^^m\Lx^yhLtc^^m2\zmir 0 zomzks 
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[1] f^n-^fcot, TK<05fc(D : 




(I) 



^vffym*. XM&S£#LTV>Tt>^T/l^A'S£^UR\ r 7 
, R\ ^TO 9 fi^n€^5i^^S^^LTV^ l bJ;V>T/^/vm^^b;R 10 S. 

fcfcU r\ r\ S.tm 3 <D#l^^« 
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[2] , r\ r\ Rxm^m^i'^y^y^^ ^ ±fB7°nK^ &m4*y, x\z 
[3] R^ar/^/^xte^ 

[6] TEO-^(II): 




fcmi^^g£^L;R 23 &xm 2 te 

nmm*^x^xh&^T/v*/vm%*UR 2 \ r 2 \ r 2 \ Rtm^tzti^M&z. 

m^xte^vtfym*. m&&%fiLx^^xh&^T/v*/um%7FUR 23 RxfR 2 \ r 
"rxm 29 , R 2i Rxm 2 \ R*Rxm 3 %bftmfrm\m5iu±<Dm*&fr^& 

;v*;vmxh%) \ZK\^z.ffi&LX5M.mxmM.mZte$.LX-b£< 'MlZttJTj-y 
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